Accumulation of sediment and silt in the drainage canals is undesirable, yet inevitable occurrence in the course of the use and operation of any drainage canal network. In this study, D-25 drainage canal group, taking place in the Nazilli irrigation system with an area of 1165 ha is the only system where all planned activities have been completed. It has been determined that the drainage system was constructed according to original drainage project. The depth of accumulated sediment in the drainage canals in the research area was determined from the difference between the measured elevation and the elevation given in the design projects. The reasons for siltation in the D-25 drainage canal group have been studied by looking at the results of the elevation measurements made in 2010-2012. The measurements made in D-25 drainage canal group showed that there were significant differences between the actual structure (bridge, culvert, and conduit) bottom elevations and the elevations given in the design projects. In addition, the length of some canals would not coincide with the design project either. 83.3% (93.3% in length) of the canals had differences in structure bottom elevations. Of the total 55 structures 45 (81.8%) had a 0.10 m or more difference in bottom elevation from the project. Of the erroneous structures 73.3% had an average of 0.40 m, and 26.7% had an average of −0.25 m difference in bottom elevations from the design projects.
Introduction
Humans have long used open-air canals for land drainage in Mesopotamia around 9000 BP [1] as well as Egyptians and Greeks around 2400 BP [2] . The long March canal in 1789 was the first recorded canal project in Mary-land. By the early 20th century, land drainage was a large-scale endeavor involving state and federal partnerships which focused on the removal of surface water and groundwater [3] . Agricultural drainage canals are essential for the removal of surface and groundwater in order to allow for crop production in poorly drained agricultural landscapes. Canals also mediate the flow of pollutants from agro-ecosystems to downstream water bodies. Stream flow velocities and sediment transport regime in the drainage canals cause accumulation of fine sediments and silts along the canal network. Deposition of sediment in the drainage canal network is an undesirable, yet inevitable occurrence in the course of the use and operation of any canal network system. Apart from the sediment deposited in the bottom and consequently reducing the designed, basic purpose and functional performance of the canal network as well as hydraulic works constructed on them, the physical, chemical and biological properties of these sediments deposits are becoming issues of more immediate concern.
This study was initiated in Nazilli irrigation scheme D-25 drainage canals group of Büyük Menderes basin in Turkey, to determine the effects and causes of silt accumulation and mechanical silt cleaning which are expected to alleviate the problem on the water table, and to evaluate the current situation. This problem needs to be properly addressed considering the total length of the canal network, that is, the total volume of sediment to be removed by dredging if the functional performance of the drainage canal network is to be restored and maintained.
Materials and Methods

Material
Nazilli irrigation D-25 drainage canal group, which forms the work area for this study, is located in Turkey's west, in Buyuk Menderes basin. Work area is located at 61˚40' -65˚00' east longitude, 41˚84' -42˚02' north latitude (Figure 1) . Total service area of studied D-25 drainage group is 1165 ha. Slope is in north-south, east-west direction and varies between 0.02 -0.006. Rainfall shows an irregular distribution by months and seasons. The average annual rainfall is 608 mm. Downstream conditions of drainage system is limited by water surface elevation of Büyük Menderes. When the water surface elevation of Büyük Menderes is high, downstream conditions of drainage canals are not appropriate [4] . Effects which cause the need for drainage in the research area include rainfall, hillside waters, side streams, floods, irrigation and water leaks. Flow direction of water table complies in general with topographic slope. While soil in Nazilli irrigation area usually consists of alluvial soils; light textured soils form the majority. Because of this feature, permeability of the soil is high [5] . The main crops are cotton, corn, vegetables, alfalfa, wheat, citrus and fig.
Total length of the canals located in D-25 drainage group which has been chosen as study area is 29 + 342 km (24 km + 342 m). Properties of built drainage canals are given in Table 1 [6] . Drainage canal length per unit area is 25.1 m/ha. On the drainage channels, 3 bridges, 1 walkway, 1 gallery, 47 culverts have been built.
Method
In the study area, methods used for calculating sediment amount accumulated in investigated drainage canals and for determining the factors effecting sediment accumulation and drainage problem dimensions are given in Figure 2 .
Drainage Systems in the Study Area
In order to determine the drainage systems in the study area, Land Classification Reports, Drainage Planning or Detailed Drainage Reports and Drainage System Projects of the areas chosen are initially provided. By examining drainage reports, canals and qualifications located in recommended drainage system are recorded. As a result of the investigation of drainage projects, which have been prepared based upon the drainage report, canal characteristics, its artistic structure and properties of anticipated drainage system are collected. By comparing drainage systems which have been formed as a result of the application and the ones recommended in the drainage report and drainage project; the differences between them are determined.
Identifying the Dimension of Sediment Problem
In order to determine the dimension of sediment problem in the drainage system, elevation controls were performed before or after mechanical cleaning in the canals. To determine the black elevations of the canal, levelers were built from the canals or different drainage groups with the interval of minimum 30 m up to 60 m. By com- paring canal black elevations with the red elevations compiled before from the project and profiles, sediment heights were found. Elevation control works were performed for the years 2010, 2011 and 2012 and one in a year. The extent of work to be undertaken is in most cases determined by visual inspection, followed by detailed measurement of the volume, area, or unit lengths of each task. The most complex estimate is generally that of silt clearance, since owing to variations in the sections of the canal and consequent differences in water velocity, the silt deposited unevenly. The amount of silt deposition in the different stretches of a given canal may quite well differ 3 -5 times. In order to determine the amount of silt cumulated, a topographical survey is made by taking the sections every 30 or 60 m according to the required degree of precision. With the data obtained the area of the section is calculated. The volume of sediment (V P ) for stretch of length, summing the volume of trapezoids in the range cross section gives the total end volume of the cross-section.
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where A 1 and A 2 are transversal section of the sediment and L the length of the section, and therefore for a canal of constant section:
Determination of Art Structures and Elevation Errors
In order to determine the difference between the project and the elevations of applications of art structures (structures constructed on the irrigation and drainage canal) which were made during the leveling made in canals, art structure base elevations (application elevations) were measured. Elevations differences were found by comparing these elevations with the project elevations which were determined from the canal project and the profile. According to project elevation, art structures with differences more than +0.10, −0.10 m are considered to be "bad". Art structures were also classified as less than −0.10 -−0.49 m, −0.49 m and bigger than +0.10 -+0.49 m and +0.49 m.
Factors Effecting Sediment Accumulation and Determinations of Effecting Groups
The main factors affecting the accumulation of sediment in canals: 1) doing the sediment cleaning on the red elevation (incorrect sediment cleaning); 2) the inadequacy of the downstream conditions; 3) the low slope; 4) art structure elevation errors (especially, art structure built higher than project elevation); 5) doing the sediment cleaning lower than red elevation (scouring), (scouring caused by the other reasons in canals, higher slope etc., were not added into the group); 6) very long sediment cleaning intervals.
In order to investigate these specified factors, downstream conditions and art structure elevation differences were obtained from the results of leveling studies. Slope values were calculated by weighted average method from the project and profiles. The cases when the sediment cleaning is performed on the red elevation were determined with the examination of the profiles in canals, where elevation controls were performed right after mechanical cleaning. Furthermore, scouring is determined with the investigation of canal profiles as a result of elevation control. Information about mechanical sediment cleaning is obtained from DSI 21 Regional Office records. In order to determine the factors effecting sediment accumulation, canals are classified depending on cleaning intervals first (difference between the last cleaning date and leveling work). Then downstream conditions, art structure project and application elevation differences of the canals located in different cleaning intervals were examined and factor or factors effecting sediment accumulation for each canal were determined.
Results and Discussion
According to Drainage Report and Drainage Project
Drainage report, drainage project and situation after the application of drainage system in research area are presented in Table 2 . According to the drainage report, drainage canal length is 31 + 155 km, and average main canal depth as 3.50 m, average depth of secondary and tertiary drainage canals as 2.50 m, the base width 2.50 m, gradient slope as 1/2 and slope <0.0004 are recommended for the research area. Even though D-25/2 canal is recommended to be 4 + 066 km according to drainage project, this canal was taken as 1 + 922 km in the project. Major changes were made in the canal slope in the project according to the report. Total projected canal length is 29 + 367 km. After implementation of the project, canal number and total canal lengths were determined as 18 and 29 + 309 km. respectively. When examined drainage canals of D-25 group are evaluated in terms of their states in the application. It was determined that there are no significant differences in terms of the number of canals or lengths; canals are opened in the application 3 times wider than the values in the project and values in the application are exceeded the values in the drainage report, main canal slope in the project is approximately 1/2 less than the report. As a result of the application, canal length per unit research area is determined as 21.5 m/ha. Art structure identified in the work area after the application is 55 in total containing 5 bridges, 2 passages, 1 galleria and 47 culverts.
Dimensions of the Sediment Problem
Canal black elevations and sediment heights in D-25 drainage group canals located in the research area were calculated with the leveling works performed during September-October 2010 (before the canals were cleaned). in October 2011 and in 2010-2011 (after all canals were cleaned) and before cleaning of the canals in September 2012. In the study, the results have been shown in Table 3 . Classifications of the canals depending on sediment cleaning intervals are presented in Table 4 . As a result of the leveling works performed in research area, the study shows that average 0.38 m (at least 0.00m. up to 0. In USA, the North-side Canal Company keeps records of the quality of sediment mechanically removed from drainage canals each year. Some canals are cleaned every year, but others are cleaned only after sediment accumulation seriously restricts flow. This may be every second or third year or longer. An estimate of the quality of sediment deposited canals each year was obtained by averaging the quantities removed mechanically over the past 5 years. This quantity was 295,000 metric tons. This is equivalent to 4.5 metric tons/ha [7] . It was observed after the cleaning that re-sedimentation is high. In this case, D-25 group drainage canals are classified in two main groups, one needs to be cleaned every year and second needs to be cleaned every 2 years ( Table 4) . As it can be seen by examining the table that after sediment cleaning performed in 2010, since accumulation of sediment is in the level which should be cleaned in 13 canals having total length of 22 + 880 km (77.3%). As a result of leveling made in 2011, cleaning period was determined as 1 year. It was determined that there is no need for sediment cleaning in 4 canals with total length of 6 + 016 km (20.6%). As a result of the leveling operation in 2012, it was determined that sediment in cleaning level in all canals was accumulated (average 0.35 m). In this case, in 4 canals which don't need to be cleaned at the end of the first year (total 6 + 026 km length, 20.6%), cleaning interval was determined as 2 years.
Art Structures and Elevation Errors
Differences determined between the application elevation of art structures in the works made in 2010 and project elevations are shown in Table 3 . Classification made according to the differences of art structure, types and project elevations existing in the research area are given in Table 5 . When Table 5 is investigated, in 45 out of 55 (81.8%) built art structures, 0.10 m and more differences were observed according to the project elevation. When the distribution of the incorrect art structures were observed as 83.3% numerically, and 93.3% in length of canals, 45 out of total 55 art structures are defective according to art structure number, the rate is 81.8%. Average 0.70 m on project elevation (+) (min. 0.14 -max. 
Factors Effecting Sediment Accumulation and Factor Groups
Classification made according to the factors causing sediment accumulation and cleaning interval related to D-25 drainage group canals in research area is given in Table 6 . Sediment accumulation reasons in 13 canals 
Conclusion and Recommendations
As a general conclusion, there are significant differences between the drainage report with project and the project with application in terms of canal properties. Therefore, facility information form and project area layout plans mostly do not reflect the situation in the application and cause confusion as a result. In terms of cleaning interval processes (although no special study has been done), no difference was observed among main, secondary and tertiary drainage canals. [8] reported that cleaning periods in drainage canals constructed by DSI in Turkey is 4 -5 year for main canals, 2 -3 years for secondary canals and 1 -2 years for tertiary canals. However, this case shows the necessity of performing the evaluation and studies about cleaning period times. While the factors effecting sediment accumulation show variation depending on the special conditions of the drainage systems, giving a canal cleaning time for each drainage network is very difficult. In drainage canals in research area, elevation checking needs to be done every year. However, this is not followed in practice and canal sediment cleanings are not planned according to elevation control results. When leveling and elevation works are performed in canals, canal or canal segments with sediment deposition can be determined clearly. Thus, as a result, unnecessary machine entrance and utilization to the other sections are prevented and improper cavities as a result of incorrect cleanings in canals do not take place. Important and common elevation errors in art structures are accepted to be one of the important factors preventing the solution of drainage problems. Art structures built above project elevation causes sediment accumulation depending on canal slope, the distance to canal downstream and the degree of elevation differences. Sediment accumulation in the case when the slope is high and art structures are far from the downstream is greater than the canals where the slope is low and the structure is close to the downstream. Art structures built under project elevation causes cavities and changes in canal properties depending on the sediment cleanings and slopes.
Art structures constructed on drainage canals in research area are necessary to be built on the project elevation. Building art structure over the project elevation should be prevented and built ones should be arranged according to project elevation. Studies shows that under some specific conditions, art structures can be built under the project elevation of base elevation (less than 0.50 m), this case might be useful in terms of extending sediment cleaning interval.
Determination of factors effecting sediment accumulation for each canal in research area was tried in the study. These factors are thought to be faulty sediment cleaning, lack of downstream conditions, lower slope (less than 0.0004), elevation errors of art structures and the effect of those together. Lack of downstream, one of these factors, is valid for D-25 canal, which is a main drainage canal of D-25 main drainage group. However, given that each canal has a certain drainage area, almost in every secondary and tertiary canals, downstream conditions caused from the lack of sediment cleaning arise. Therefore, it is necessary to give the priority to main drainage canals in sediment cleanings and performing the cleaning from downstream to upstream.
When the relation between the slope and sediment accumulation is analyzed, it is seen that slopes less than 0.0004 increases sediment accumulation, while slopes bigger than 0.001 in general causes cavities unless structural measures are taken. Since the slope is a factor which is determined by topography, it might not be possible to prevent lower slopes. However, in the possible locations, applying the slope as 0.0004 -0.001 is useful for decreasing sediment accumulation. In addition, it is necessary to give priority to the canals with lower slopes in sediment cleaning. Due to the topographical structure, [9] reported that various art structures should be projected to not to exceed 6 kg/m 2 for maximum drag force or to decrease slopes in the projects in locations with higher slopes.
In the case where canal cleaning is conducted according to leveling studies, it is possible to prevent remaining of sediments or excessive cavities. However, attention should be given to creating possibilities for leveling studies and then to the training of the machine operator.
Art structure elevation errors should definitely be avoided during the project implementation. To accomplish this, field inspections should be increased during project implementation and during the final acceptance. Art structure elevation errors are the most important factor which is the most effective in sediment accumulation and prevents the expected benefit from the sediment cleaning. In particular, errors on the project elevation should definitely be avoided. The effect of these structures, especially in the canals with low slopes, increases more.
